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Abstract 

TORTIS is a system of special terminals together with software which 
is designed to provide programming capability and be aecesiblc for use 

by very young children, The system is designed to add capabilities 
in small increments so that the child is never overwhelmed by too much 
to learn at one time, and maintains a feeling of control over the 
environment. This systme facilitates learning of various concepts such 
as relative size of numbers , frames of reference, procedures t condition 
ills, and recursion, but more importantly it teaches good, problem 
solving techniques and a healthy approach to learning. 



The work reported ixv this paper was supported by the National Science Foundation 
under grant number SC+070SK and conducted at the Artificial Intelligence Laboratory 
Haaaachusetts Institute of Technology, Cambridge, Massachusetts. 

The views and conclMtion* contained in thia paper a*c Uiose of the author and 
should not be interpreted as necessarily representing the official policies either 
expressed or implied of the N*i tonal Science Foundation gj? th* United States 
Government. 
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Ihlroduction 

Alter watching thildrc-n learning, (o communicate- with, computers, I became convinced 
of IHjs value of Iho oxperianc-s for Ihe child, EM I also noticed I hit (or many children, Ihe 
Initial hurdle of typing On a conventional keyboard wit very discouraging, I decided to 
design a new way of interacting with (tie computer th»t t although it would not provide Ihe 
P,enftr.ili(y of a full eomoutcr language, would provide- a rich introduction to motivate I he 
children to overcome I he lypir^ hurdls h and make many of the advantages provide rf by the 
learning, of full computer languages aerassible to children at yCtina *a loree or four years, 

"flia T0RT1S system <anikl$ of two parts. The tint part, the Butlon Bo-*, consists Of 
four' buEton Ewxe» which plug into one another. Each button represents * tdmmand. The 
second part, Ihe &fot Machine, consists of seVefri Ipng reclan E ular plexiglass row& (each of 
■wWch represents a procedure} wilh sIoIb In the lop for Ihe Us&r (a place cards C^hicri 
represent commands}. 

fn a system designed for young children it is impO'tanl lhat it b* simple, since 
children gel discouraged Auickly if something seems loo cwfusins or ctifElCult. If it is loo 
Simple, he-wove^ it will rum Out of capabilities bora Ihc child, and Nve. only limited 

frducalional value. The TQRTtS system deals with Ihis issue by growing with the child, The 

s 

syslom is designed roOdularly, so that Iha child starls nut learning a simple subset oF 1hc 

command? and more tan be added wilhput dislurtinp th? parJ of In* environment that the 
ohild leatt comforlablu With. Wore commands are added by plu^ins a now bullon box with 
a few bultona into the set &F buEton banes (he chik| is already familiar with (if tha child is 
pi ay ins with I he button box pari of ths system) or by giving 'he ehitt moru cards {it he is 
playing wilh the Slot Machinal Thi* wj/ the child r«Hy h:r; J Icsl^e of control over the 
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. f . ««**, tar . whi^ on fc. psr! rt |lw s , &[ejn ^ ^ ^^ ^ ^ is fedj ^ ^ 
fldvfrnturcus, he can reTriev, [ha nfrwes f parf or |h& &y ^ m 

Hm ^ ^tfbUy I, * h^crt* par, of u. ^.tan,. (b5C , use ^ ^ 
fee., «-„«* „ he kn0w£ (W ||w par , &f ||b ^ ^ ^^ >m ^ ^ 

' **™ w ay h, h , i9 d to), ;h„ B |, , trjldMtf balwe&n upuwrf MrtlpatibNf[y >Bd jdej[ 
*.».«* .F th. ^e* ,! dffc™, s ^ e , The TDRTiS ^ j£( fDr thjs reas ^ ^^ • 

c^l.la]y Upw | c^ibfe. ^ Ha(t .bvlpu, lr arft f tfflB p0 i Bt h ,rcm Ite B^tpr, Ddx to " 
I*. Stol W « WnB> where eWrylhinB thanseSj b(|[ tfer# . s a tn>|1 |n|:0WpsMty faatween 
■ how Ih. mi* to syj(em b-hm. with lh , mQ£| idvjnc(Hj ^ ^ ^ w , thQtjj ^ ^ 
■ felt It* w BS «*,, anrf not O^ty tr™ & Br tha ehiEd , ttpetl>Ny ^^ ^ ^ 
th. Ih. .mrf*™* h -«pta* iqr ^ it. beh^, th. child i S ,, roftdy ad ^ at 
and confer t.i tile with tfis sy^temL 

Anrttar **„ r«™ i, how „,„ ,„, ^ ^ ^ ., |or it]c ^.^ to kW ^ o 
M-~«n, 4)(Kk , 1Mt h to hlrd , , he [h| . d rt , ^^^ borjrf u . th ^ ^ ^^ 

pntf-t. ,„d * be™. disewaw!<l „ h8 kiM „, |hins h „ d , r „ „ , s (oo ^ b ^^ 
«h ie » 5P e Ctttu(a r r«ui h . th8 systc „ .:„ taBW . - II18EF[ . wh[ , rc |he <(]j|d (ot|ows ^ ^^ 

proc ^„ „ do=s ml ..^.^ ht will r3 . reJlly M ta mn!M1 of the ^ iroM ^^ snd 

h. will W l , earn J5 murh siKS he „ iB „ , „ M (o thjnt mth )fB Bu( ^ Bm ^^ ^^ 
«hM™ qufcl,., , e>r „ ft. ,„„,„„„ o( cac „ w|Mi ^ ., . s t mie (m ^ (or ^ i(> ^ 

MM. b.f„ a*, „ 5CWBS , 3refl wilh -M , rniKJ ^ mb f|B ^ ^^ n ^ _ f 

••WH.MS. loo c as/ ,or Ih, rhiW to « h .,™ Sp «t«d„ rcsuFh, 
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Why Should Children Communicate Wilh * Computer? 

To begin with,, it is (un. A compute? is a toy that never run? Out of eapabilitres. The 
child's first axporience with the system inuolv** SalkEng 10 the "lurtla", a tmill {12 inch 
diameter} circular computer-conl rolled robot equipped with a lifiht, horn, and por\ and 
capable of mdving in a -straight tine in the direction the fight is pointing, or rotating about 
its center {wlwo the pen Is}- The pan can sillier be Up (of? the paper) h in which C4S0 the 
turtle does no-t IcjiVfr a (race whan it moves, or down (touching the papery in which case 
the turtle draws a line as il rnOvas forward Or oxfcward. By Bxpre siing himself (lea-rly in 
the TORTIS lanjua^e the child can drive the turtle around Ihs room, drive the residents of 
nearby offices Out of Ihelr rooms (by looting the hqm Over and O^r), J -aw pictures Ort 
the paper or the floor,, fcnock Over piles of blocKs scattered around the roorflj play music, 
play lag with another child and turtle, teach I he turlle how to nejotiote * maze. Or 
concentrate on the indirect consequence* of commands such as t'"= pictures of Iho 
commands (hat get displayed on a scree -• whun buttons are pushed or the lights that flash 
when (be Slot Machine is operating. 

SlnCe learning TflfiTlS is fun, easy, flnd hot the kind of activity at which ha can bo 
judged as failing* (thefO are no error m?sss^DS bocaUso Wiry command is understood by 
Ihe ay stem end th» child can procc-ad ai his O^p pact) the child should develop a healthy 
attitude towards teaming. 

Wore specifically, th?re are many new concepts the child can loam with this system. 
Since th* turti* Only understand* tbe confmardE "forward" and "tyrn* and not r&rnm;iri:l:, of 
the ferni "go thai way', the child lus 10 Vj-n Dbuut lrnrn™5 of reference t\ru} how to 
translate, from one frame to another. vYarttin;: to 1 el I the turtle which way to turn will ;,how 
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the child the importance of learning Ihe concepts "right* and "lerT. When the child starts 
using numbers; he discover* thai thare are small and large hurnb&rs. Wany children Know 
how Jo count and fcnOw how to zrf the alp rub el, but d&n h t roalile that it as more significant 
that "2 1 * comes before "7" than thai "6" «mes before "G", 

In order to solve the simple problem of maRirrg the turtle go in a direction other than 
the One It b pointing, the child has lu break She pTCblem down into smaller solvable: itepSi 
A Valuable' pTO»1em--S0h | ing technique. This terjt-niqua is ctfon mrjre important in largo* -ii^cd 
problems, like I ha problem Or drawing a. hoilM or one*s own name. 

In Order to draw pictures the child wi!l learn geometry, smt& he will have to 
discover what angles Ihe turtle must h<rp id orcfer to produce 1ha desired elfctt, Hie may 
discover, B-ipKiaNy with help, such lads a* Lbat the Sinn of amounts the turtle turns in 
dravlng a polygon-type p-cture is constant fa valuable f?c! lo know if ("le wants to 
Calculate how far to turn m drawing a regular polygon with a given number of sides), 

The concept that one can name a sat of commands 2>nd use that list of commands 
over and over is valuable in learning and in Expressing, oneself. To figure Oul bow to draw . 
a flower, Tor instance, \bv child will usually discover that it la easier to teach the turtle to 
draw a petal, name the eel of commands that cause th» lurtl* to draw the petal, and use 
the new command in the process- of drawing a ftowsr. 

The- eOrtccp! of conditionals is easily acquired by "teaching the turtle" (writing a 
procedure) to w*fc forward unlit it hits (be wall, in which case il should slop. (The turtle is 
equipped with a touch ssnior and it cun tsll ths compute* whether it is touching 
something). 

Annther advancpd cOncepI Ihst m^y bo accessible to yOur-g children Fs the concept 
Df variables, quantities I hat csn change in vilua, if one uses a variable ss the distance [rue 
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turtle should travel forward, one can change Ihe size of the- picture the turtEe draw* by 
varying the Value of the variable. 

It require* a desper understanding or i problem lo expl Jr» how to do U lo e 
computer than to do il oneselF., if the child teaches the computer how to display a clock 
showing * £iven time p or better ye| p display Ihe current limn {it is possible to find cut (rom 
the system what time it is) th* child will hav* a more thorough understand^ ol how to loll 
time than ha cdtild probably acquire any other way. 

JDflkl and practice programs are Otciiionally useful for learning something liHe 
arithmetic, however ■( »S more fim to u^c such a program if one writes it oneself. Drill and 
practice programs era easy lo wrile, and Ih* child will certainly play with any program he 
write*, to ordinary computer aided instruction tha child has little contra! over Ihe 
frtivirannwnt, and any of the worthwhile aspects of the CAl environment can be duplicated 
by tho Child In an environment the child controls. 

The mOsI important thing tho child learns in an imaginative, computer irlwlronniBnt is 
i fearle;;, joyful attitude to**rds learnin S . V&? few programs run correctly the first time. 
One Of the mosl enjoyable activities one engage; in when communicating with a computer Is 
debugging, finding ou! why I hs computer misunderstands what you *ant it to do. An 

answer on a muttipls 'choice lest is either right 0? wnn^ but the word "wrong" is 

s 
mpaninslas^ when applied to a compter program. The word *righl" \% almost rtw ninaless 

too h since mOtl programs can hi Improved or ir-ada fancier. The cOncspt ol debu E gLn* C£m 

be applied to any skill lha child wishes to tar* Eventually Ihe ctmcspl of "lailing* a' tf\ 

activity will ba Meaningless lo Hw child. Hlci hot doing tho activity as lw wants, h» will 

try to discover whsro tlu bugs are dm! correct lhe.ni. insUsdof over (jiving up. 
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Tha Button Bqn 

TtiB Button B9X is ihi ffr$t part of \hz TCkTTiS environment to wh : cb a chilct is 
intfpdyMd. It is actually several different bones of mjttojv; whxh plug inlo each other, 
ths de&isn philosophy Is Ihal tha child is presented with only a fe^ nstf buttons at i lime, 
end (except at tile beginning dF vCUrsm) II iD-re is always a set Of buttons which tha child 
really undei'SlarHJs, IT he ever leek ovar wh?l med by Iha nc* buttons, he tan remove them 
from sight (which (tie chifdrem often tto} by unpEueeinfi (ha- latest bax and hiding i\ t and ptay 
With lh* pwt Of the environment he feels ha has complete* tflntf-ol over, When he wants to 
team something RSW he cafl p.et the nevt bcuFu! of buttons, with the comforting thought 
that If he £Ots onfifU'Sfrd he (OT restore the stale o( the wO;1A 



thv carrplfllo but tan bnx 
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Thfc first hoy Of buttons is (he "action box". Every button corresponds to a possible 
action the turtle CW perform and whan a button h pushed ths turtle immBdijtoiy responds. 
The bullous are "forward" "backward", "relat* elocfcwi&e {right} 1 *, "relate couhlwclocSiwiso 
(bit)"' toot your horn^ "put the pan dawrt Onto the paper", lift the pen ol( th* paper", 
torn your |ig,ht wi* t and "turn yQ-ur light off* tho number of dBgrcei the turtle turn? ea;:b 
time- "Viglil" or "lelf is pushed can.be set by the teacher *Jievi the system is started. 1 wFJ 
n==ucrtfi in this papsr that each turn is 5 dt£ri*«s. 



thp peH*e box: 




The nent baa Is the "number box" and Midi buttons for the numbers lre<m 1 to 10 f a 
Weil as a "slop- button which interrupt the action of the turlle, FushJna » number before 
an action CaUie; the action to gel psrforr.iad that many lime?, tf a number fe not pushed 
the. turtlsi perform as ueioro, d£ir".jl Lh-? pslign nna time. 



th« nunbir bo*: 
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The Ihird bn* is She "memory bo*". It ha* tour buttons, 'star! rememb-frii nz~, "stop 
remembering "dd it* Shd "forgcl it" The memory baa allows, a set cf commands to be 
Stored end re-executed. It is used with a display, £0 that (he thild can wa|ch a* each 
COmrna.nd gets stored^ and can refer Id the list 44 it g,cls tmeculed. 

When "tlerl remembering" is pu.sh?d, I he display screen Ngh-ts tip in anticipation of 
direct commands, When the thild pushes a button, the picture- on th* button is listed On 
th(i screen, and the command is executed, 

Pushing "slap rerfl*mberirt£ lr causes a lino lo be drawn below aN thtr listed commands., 
Indicating nothing further wiH be wrilten t?\are (though morn can be added by pushing 
"start rem-amSjs-rtns" i^\r>). 

Pushing "do it* causes, the- entire- lis! of commands, on th* screen tfi be executed in 
Order. A bo« is dfflWrH ar&Uftd the eOmmard currency being executed eo the child cwi toltow 
alor->;. "Da it 71 can be used wilh a nuttMr so thai "a da it" would eouso th& screen 
to mm* nd-3 |n bs execuled 3 times. 

Fuihirq! 7«ect il H ctears the scrgsn, 



lh» msmiiTy bovr 
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tfm reur pujc^tfurff box: 
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(36§l 





St^fl 



b««W„ tf .he »,„ lldl , uadrant „ M , nred „„ , he ca , rapgn)ins ^ ^^ . s|ji 
r—ta*,-. M. r. «l - farent rBf4l , co: „, bu „ on , ltsrwjrdS| MitB] . ni wHch 

*•*.* * ib, Mre . n „ „ rfriltt „ onp eletutBdp w ^ s . nn . do ^ ^ ^ ^ 

this bo* 3lJo'*5 sipbprocedurc^ 
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L^-r-ple: HhBT Iht screrft ulll ittplBj vhifl flrsgrJimeJ uStlt »nd eae till War ■ prijcetfw* to 
4r»u ■ square,- with tho tlir- LI a stepping lo iMl Me**l0**l*Jf. 
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I <J*cd tho bullfin ba* system wilh around 25 children aged 3 to E. I learned Severs? 
Interesting (hings. 

1) Once 9 child is confused by something he ^d^ ucrv discouraged and eays, "that ii too 
hard far rr-o" Or Tm not smarl enough for Ihal' both of which are cerlainly attitudes we 
do not want to cause, SO it is important not to [jive [he child new buttons before hs is 
ready, 

2} Seme children require constant interaction and suggestions about further things lo try 
or else Ihey start doing Oho thing Over and over and get 00 rod, 
3> Th.e "Idol" button is I heir favorite button. 

4) Many Children do not look at the pictures on the buttons arKfdlsxaver to I heir 
amazement after using tha button bos quite adsptly for several sessions that the pictures 
on I ho buttons have something Id da with what KtiOh the button causes.. 

5) Most children have trouble with "right* and "leFt\ Most of the titfe the children inOsh &rw 
Of (he Iwo at random and If it h wrQ-ng then push Ihe cither Ona. Seymour Papert ' 
discovered a tricfc (he children can use to get the correct comr-iar*d\ The ttisld looks al tho 
turtle, decides how he wants it to turn and moves his finger irV a Circle In the desired 
direction, keeps hfc finger moving while moving il over lo tha butlcm h and malcrtas it wilh 
the proper curved arrow. There is more motivation to get "forward" and "backward" 
correct the first lime becauss they draw lines and can m03E Up a picture. kfait children 
eventually Adapt to Ihe turtle's frame Ot reference for "forward - and "backward" though 
almost all are SU'pj-ised the Hrst time ihey jiu;b "forward" wilb Ihe lurUe fazing Ihtinr 

The mnst important observation wji 1ha! for four-yekr-old* Ihs- conceptual leap to 
lha memory box it loo large. f>svaral four ye*r old children did ms.nii;* to use Ilia Memory 
ho* but Jrvay nav-sr seemed to completely understand It. There Wert three possible ways 
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I hat ttusy used it. 

1) They understood that push;n 3 Marl rehearing"* caused pictures to get displayed On 
the StrestV much to their delight. They wfruld pu^h "ita*t rememherins 1 *,, fill the screen 
with commands, and than pu*h "target it" to dear the screen. Whila playing with the 
display I hey Ignored the turtle cemptelely, ni though the tw* things were CGeipMaly 

p 

unrelated, 

2) They pushed "st^t remembering", and lhan, ignoring, that anything different was 
happening, draw a picture. Then thsy hit "do if to get the same picture a^ain. It when 
drawing the picture they had, lor instance, made the \mtlh turn the wrong way at first and 
then corrected, or stopped to mrte lh~ turtle- tQOt scleral ti-TBS, Ihey were surprised that 
the turtrs did the same thing w^en drawing the picture the second lime, in other words 
they lhou^ht the picture wat the procedure as opposed to the set of commands the turfte 
executed while remembering, While the children were delighted hy oil I ha stuff that gat 
displayed Oil the screen thay did nnl reatiza all thise pictures wero command? £hd steps, in 
the procedure. Even executing, tha- procedure In "slow mode-*, where the turtle wo-uld wait a 
certain amount of time bst^cert stsp& so that the chJFd could more readily follow the action, 
did not CJUJse the child to understand, Probably the turtle, tho d^play, and the button- hoif 
are too roan/ thing? to Keep track of at once. 

3) They pushed some moving.- buttons i andomly and I hen pushed "JO do it" many times. 
realizing, that that called pretty pal tarns. WhiEa this we.* a lot ol fun, it was more 3 ifia^ic 
mechanical process lhat somehow tfculed n'tv results ;<-j opy.z iv'A to h,>inj something the 
child knew! he was really controlling. 

\n addition to I he problem thai I he jump lo the memory box is 1 00 large a conceptual 
leap, Ihc- bullOn box hes trip adifilional ditadvantflgc that there is no way to edit 
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procedure!. Without the ability of easy editing the child dcs* net learn ihs healthy concept 
that there is no "ri^ht^O/ "^rcma", and that any procedure can be fixed to do what they 
want, aind even a- working protadure can always be improved. But adding edih'riB conimandi 
before |ba child: Nat restored ths lotir memoj-y buttons would overwhelm the chiJd wilh too 
many new ecincepla. To Fix these problems ! demised the Slot :Ma*hrrie- r 
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Tho Slot Machine 

Ths Slot Machine con^ts o! several long rectangular ba*eSj called rows. Each row 
■ represents a procedure. On tap of the row are abb Into which plastic carets the size oF 
credit cards can be placed. Eat* card has a picture* On it, represenling a command, Al the 
left end Of each row I? a bulton. Pushing that button causes Ihe commands represent by 

the cards to gel executed in Order. A light in front of each slot light* tip when 1Kb- card in 
that sfpt is being executed- tach row is cctored a different color. A solid-colored card 
represents a subroutine call to the row dF thai color. For instance, a red card weans, "do 
everything En the red row*. 

.The advantage of the Slot Machine over the memory box of the Bui (on Bdx system is 
thai ecunnunefc are slored fay tho chiFd, not by some ma e ic that Occurs when it somehow 
onters a different mfjde r And tns problem of editing goes away completely. If the child 
wishes to move a command, Or change il, he simply moves or removes the corresponding 
card. 

Th& $lol MpcNrw is a very general purpose device. The language implemented On it 
is easily changed around and experimented with by using jitff rerun t sat of cards (tarda 
are cheap and easy to make) and modifying the program that rum it. For instance, Jean 
Bamberger^ music System i^easy to «mp| s in 3 ,-vt Each card Cart represent a tone block. 
Rcrw* can even be run sim^taneoirsfy so that two tunes can be played in harmony. 

The Slot Machine has 1h* same advantage 1hat Fh^ button box system does, in terms 
Of adding to (tie language In reasonable increment. The child can stsrt ou! with a smaJI set 
Of cards, and be C i ver i more cards when he is ready. He dossn*t have to UM Ihe new cards 
if ho it arts reeling insecure about not understanding the new pari nF the syslem. 
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I thinH It is !*m50rtant thai each slot con! sin room far an cnlku command, i.«, I would 
no! tc happy with the child havai^ jci p'jcfr pari of the command, iny a conditional, in One 
slot, and the rest o\ the cOnunand in the r.exl slot, trr (ha languag* ] envision lor th« Slot 
Mac tuna (Only part tit it. is rmplengntoil; th'- L rest will be implemented alter more is 
observed ato-aul how children re :>ct to uvhal If therv), there will be three different kinds of 
cards— rwrTtftHH' cards, action cards, and conditional cards, Tho three kinds at c*rd& will ha^q 
difFersnl heighls so 1 ha-t all three picture! can be read when an Ihree cards are prpFiunt In 
a slot. In th# basic lan^uags- (what i$ ctw/*r*tly Implemented) there are action cards 
{picture cards for the turtle function*, solid colored cards far subroutine cafls^ and end of 
procedure cards) and number cards. 



«cti«i cards: 
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txunpli; A Slal h*cnln» prsgrai* t« irtt t iqu«r» an* tbat. 





Since ^ display is net ncadad to display a Hating of programs I he child has made- £as 
1$ dons with 1Kb button bos-) t the display can ha tBKJ to draw pictures instead pf having 
the turtle draw them on thd Uoor. Tha "display turlJe* is a triangle displayed cm a screen 
which Obeys I he same commands m the HQQr turlle {except it do-esmft have a light Or horn 
and il understands CLEARSCREEN}, Th? dtspfay lurtfe Is f«tof and nOre accural t, and if 
Ihe trilld wzr,U io- concentrate on drawing pictures (as Opposed la knocking ever pitc-s of 
btDcks pr driving Ihe turtle through a i?we} the display turtFe is. much more reasonable to 
wOrh with. 

IT the children have no problems with learning the basic languaa^ variables will ho 
added. When the chifdran use variables, an e«tra display may he used for (ho variables, fcr 
a p-orlion of the turtle display can be reserved lor Ihaitt. Of there tan he a speciat 
purpose ban with digital readout tor each vjriahla. 
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The way Variables will be implemented li there will bfr uv»rd {3-5} dirterc-nt shaped 

polygon displayed wfth numbers Ifijlfe. There will be c^ds [he size of number cards with 
each polygon dj-jwrn On it. Thus tta rti-m.-na-nd' "(riar^te tool" wo-urd rpaHo tha tuMIe- tool its. 
hern Uis numbar of times- indicated inside tho triangle on (he sctbbji. There will be action 
Cards with a picture, of a pencil writFnj fnto on* of the polygons, Thus I he command "*rHr> 
Jnto IrianH's-" Whites (he number on (ha nunber card, or "l" if no number tard is used, into 
the M&nglis Variable. In addition, an action cwd wrth a picture of a triangle with a "plus" 
inside means "add ths number |o the- valua inside triangle". With variables- tptrais are easy 
to program, numbers bigger than "10" are possible, and arguments can b* passed by 
setting the value of a Varlabta befp/e e ailing a procedure that uses it. 

SH&iftpTSl oT vaHibl* CftfOV, ictlin and nui^tr drill? 



S 



& 


["A" 


A 11 



Cm ampin: A 5 let Hnchl-na prnjra™ which dr«vi > jpir»l. 
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U lh# children still h^e up problem* I will hy frdtfug torwJitortjit*, There will he 
condilicmal cards for "if the lurtl? ]& hitling so-n^ellhi na", h iT She turlle ii noj hitlina 
anything", "if trlan&l* is 0", and "if triangle is not 0" (and similar ones for Iris other 
variables). Adding a conditional care! \a the comnartd in a slat means \h*\ that command 
should be executed if the cGnd * cnal \z t T ue. . r 



■ xwiptsj or emidlttonaT eaMi: 

■"tel 



AlES]|i^ 



Ev«np1i: A 5let H»Ch1ri1 pr-CQrjiTi y(i1{ti hJJ the turtle toot and w«lb in J diffcrrnt 
dfrftcttan when It hiti iTOietlHnq. 
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In working with the Sid! Machine wi(h children aged 4 and up, I h*w e di covered thai 
it ii tD easy for them Id make crafty pictures by plating a random coNeclbn gf cards into 
the rows thill they seWom plan a procedure. The children unde/*bnd whal thi system is 
cfo.n E , bacause they can explain what is happing, and Ihey tan, -write" a procedure that 
k specified by someone elst, but Ihey «iU not acquis incepts like subprodrdures unless 
lhay discover ths usaiuirsess of I he concept In projects they are doing far ih-einstrivfrs. The 
case of writing and modifying programs *iih the Slot Machine is thej-elore atrnflst a 
drawback. Also, lh« stee lim'itaUon of the Slot Machine limits the kinds of projects I he child 
can undertake (Icr instance it is probably too small to atlo* a child lo write a procedure- to 
draw the Child's name on I he screen^ For this and oilier reasons it is important lo drsijr, a 
full programming language lo&elher with, a hifihly Irtteractive environment Jhat would be 
accessible to yOuna children to use after the Slot Machine. 
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VUKst Dees the C»ii'.d Da With the System? 

ffciw I will relate a typical scenario of a child"s interaction with the system OVe/ 
several sessions. bft£h. Session is about an hour long, and the child usually comes once S 
week for ?bout ten weeks. This ism 1 ! a diary ot 4 spfrtilic child, but instead ft * description 
of what teems to be typical, based on expediences with many ehltdrenr 

The firit thing the child does Is inspect thft turtle. Then the teacher suggests that 
ths child push some- buttons and see what they do. The child does this (or a while, and Iha 
teacher asks the cNkt lo verbalize what each button daes. it is typical lor Ihe child (o say 
that ell four button* FORWARD, BACKWARDS, RIGHT, and SJEFT, "ln*lia the turtle move". Tbo 
teacher asks about how each of those buttons difFer r 

When Iha child is reasonably tomlortable wlh the bo* and fcrWWfr the function o( 
OKh of the buttons,, Ihe teacher shirts to surest projects, like moving tilt turtle Id 
different points around the ronmj knocking, Over • pUfl of block* placed somewhorc. Or 
parking the turtle under a chair. When the child seems able to control the turtle, the 
teacher can suggest the cNId try to draw pictures with the turtle, like a square or a letter. 
Sometime the teacher prepares a "connect the? dots" picture for the child to play with, SO 
lhat the child can have a surprise picture when tie is done. 

When the- child is carrffortable with (he beginning button box, the number buttons can 
be added. Usually they -are introduced wilb the "loot" M&y, and the chitd speeds a long lima 
pushing various numbers and counting alanj to X*ep tiift lurtl-fl honest. Usually in usin& 
numbers with the motion keys, at Eirsl the child either hcls "1* (if he wants a smalt number) 
or *1Q"* (i( he wants a large number), When the chitd starts drawing various projects he 
usually st."h-ts using the other numbers too. 
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A( this point the child is ready for !ha Slat .Kiachtne. First (he teacher demons! rates- 
plating a stasis card in trie Nrsl slol pas-itiorv -of J row {and leaves the other fows hiddonl 
end pushing Ih5 button to slsrt execution oi lha row^ The- child replaces tht ta/d with 
Other command tarda and pushes the hut I on. Then trs teKher explains about lhe li^hl in 
(rent of eash $lo| position, and by using 3 tool card, and plating, it in different locations in. 
|he row, shows how the lurtle doe* the command when the light sets up to tbe portion: 
where lhe card is. Tha child plays with it for awhile, predicling when the turlle witl toot. 
Then the toather suggest lhe child try pultin* I wo loot cards somewhere in the rS*. SjicI 
lha child notices how both of them get Executed. Then the teacher sug-gpsb the child can 
put different cards Ifi lh* row and Ihey will all get Bsc-Cuted 1 . IhfosI children do not need 
Ihis much] prompting. It is best iF the child *orhs compleSely independently* but lh& 
leather is Ihere to explain things if they get conl using, or su E ee&t projects if Ik? child 
cBnnot think of somelhing to do.) 

At som* point the child wHI switch over to usinjj tha display turlle, since St is loo 
difficult and unrewarding lo make picture* with the real turtle, which is slaw end 
Inaccurate, end which ebscurea the picture it isdrawi-nj- The display turtle is hard to 
uncWstend If presented at tha beginning, b-ul cmce the child un-deJ-Mands the other lurUe, 
especially PEMJP and PENDCnVN, Irs spilth to a display turlle is not traumatic. 

Nral the Child is g^eir number cards, and if he already understands numbers on the 
button bo*> he will use t.'isrf. easily. The procedure cards are a little more confusing and 
have to be explained. Various games tin be played wilh prOeedur&S, fik* having tlu &r*;on 
procedure COn%ist of 4 TOOT, and having the red prOccdi;rn Lonsisl of Z GREEN, and asfcin£ 
lhe child to predict how many limes lhy Turtle vxill loot. In thli way multiplication i-. .i 
useful and understandable concept. Recursion seems to be a confuting concept, Whan lho 
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children program the &recn procedure to include a G3EEN c-ard* for imtarwpe, 3"d alto* 
GRLE.N has been executed insida of (he gjeen procedures Faiv limes, if the child removes- 
Ihe GftEEN card I he Slot Machine will "pop its. slacfc", oaecuting what is. left q[ the green 
procedure- For each time CREEK was tailed. Tro children do not understand this, and usually 
just ignore it. 

After a child is this Tar advanced il Is not unreasonable to stavl on 4 mor* complete 
language liXo' Logo, especially il Ihe child knows. I he $lol Machine and Button Box are 
Available to be played with (in ease he £fils eve/ *hsl mtfi for * while). And es.p<aaHy If 
the traditional programming environment is improved wilh display editors, display 
dehuggers^ and pointing device^ the (raniitiorii lo il from tr^ Slot Machine cart be 
COmfor table. 
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felons Fa* Future Research 

There are certainty improvements. I hat can he made (a b^Tpi Ihs ftvttcitt Box and 'he 
Slot MiShfftS, Children *5 young a* the One? that use this system are not pad icul arty 
interested in- drawing pictures. Wu&ic. seemj lite it m[£ht be 3 &ood activity (or children 
that age. There are titferent way* of implementrjiE rmtsk for very young children. One 
obviously bad way is to force them to lype in individual notes in something dose to musical 
nataSiOn, A belter way is to 1 use the Slot Machine, and have command cards lor oath nol*> 
wilh the number argument used as a duration, or 1o have each- card tie a "tune block" as 
used by Jeanne Bamberger. Another possibility is to have Ihe child "d^aw" |he tune Dn a 
di$plny using a pointing device, where |he vertical position ol a line indicates which pitch is 
to he pfny&d. When the tune Is. lo be played, the computer will scan across the screen at 
an even rate oF speed, playing whatever pilches have po'nls at the horizontal position of 
|he scan. Pitches can be quantized, 50 that any point within a certain interval corresponds 
to a certain note, or frequency tan vary continuously with vertical position, which would 
m-a^c it harder to wrilc tpetifk tune* but VOUld produ« Interesting effect*. 

The Slot Machine has the problem lhal initially there is so much that Ihe child has Id 
do to get the- turtle to execute a command {Untl a cardj put 11 in a position, and pUfh P 
bu'tan) that it is sometimes ■fi^ficull fen- them Sa understand that each card stands for seme 
specific command. An improvement lo the Slot Machine, which mi^ht even make Ihe BuStan 
Box cOmpfelely unnecessary* would be 1o have Ihe fight in Pro.Tt of each ^iot position bo a 
lighlabto pushbutton instecd, -such lhal pushing one of Ihe slot pushbuttons wOu!<l f.au:.^ 
only the cOJrim*nd in thfll slot poiitiart Iq get executed, but pu>hinj the large butt-On On Ihe 
Jtlt oF a row would shll esiyv; 1h- <;nlire row lo gal oncculrd. This would also enable the- 
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pU5hin & efldh pDsiJion in turn. 

h m± P«i llD n I. «!, *. nmlbllrSb ^.^ Jnd Mndi[jMis ^ ^ wa( 
*•_*,* by „. ha ,< WJre de „ sn _ espB[isJ|y ^ ^ of MnMfs ^ ^ ^ ^ ^ 

A M« Sinpli W ™ e deli ,„ £hir ^ wu|d ^ n ^ ^ ^ ^ ^ 
H. o. *„„„ in „ ch p0 , itiwi A , so , (h( $ro| ^ ^^ ^ ^^ ^ ^ 
reKt,n=h)>. m»» P ,„ siT( , p ^ „,„„ ^^ B|w |p ^ (| 

TO«T 1S is „„ . MmpWa wosfa _ ir . B )an£uasR Tte d-w wi|p ^ ^ ^ 

B. -r, siM „ „ wbs „. 0nre ^ hayo m . wad a[) ^ comspts ^ ^ ^ 

.. Mr**** incwabl . „ coprnfi wi!h ^ s(sndiId kc/b0 ^ rimled ]ansuii0i TbB 

.K. «™i - „ Pin! „,„ 5Hrv , „ „ uiE . % „ w , e . ^ ^ Fmp[sB=nted h |te 

- . ~* Nh , S -^cc^- key . „ thero „ , ^ cMmMj ^ w(m 

-r. O.H.r^, „ ca „ simpty re(uss b . f lfpini ba£k a M <K 5j ^^ ^ ^ ^ ^ ^ 

-^ . «*,. t « ,,„„, ,, s ^ „ „ B usod s _ e!5(i% _ ^ ^ (> 
"^ a " " mBinlfc »■ s ' slel " *— *-l i. »W^. .b 2 „ umbor , 
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commands in I he list and therefore minimis I ha numbers of characters th* child has to 
type. 

If thare i£ a pointing davice avail ablc h such as 4 mOUSQ 0/ 9 Sight pen, the- system c^n 
0>splsy the. possible choices for cOmmemK, antf {he user can point \a Ihe correct fin;.-. \' Ihc 
child cannot read h tha commands can be displayed as pklwe*. IF there are led many 1c&ai 
commands lO fit on the screen^ lhey can be groupad under headings such as "music 
commands" Or "turtle- commands^, and when the Irsalf points lo> a grdup, then thfc H&l of 
commands within that group, gsts displayed^ ]f the system keeps track of what the child has 
typed, it can guess at a subsal of commands thai the child will want to use next. For 
instance-, iF ths child! has Just typed a command that needs an argument, the system knows 
the host thins to hi' typiid must he either a number, a variable. Or a function If the 
system only displays comr-iii-ds lh.j1 would he legal in that context, the user will naver 
have syntactic errors. 

in a compute* language such as Lisp, where the user is forced to put parentheses 
everywhere, 1here is no ambiguity in what is typsd. But l.isp code, a'l hough easy for the 
■cerrtpultr to 1 r**d, is unreadable by humansj skice it is hard to scr haw the parcnthssas 
match up. In a language like Smalltalk, allhough tha cod^s is not titterad with parentheses, it 
is still hard for humans to read Ihs coda-j sOJirelimaS bstayse an expression cM lis parked 
in two different ways (if Ihe'ujtfr is not familiar with the parsing alEOrit hitij, somelin>ns 
because IE is nut obvious what words are variables and whi.it are corn^aridsj and :, cm dimes 
fgr other reasons. If She system parses, the expression is the user types it in, il can group 
D'Llun^nF* wi'h the CJlMg tunclion, clearly iopnralB command's, and display the program in 
a TCiidubFD farm. ir Ihere arc a.TibisufFres thf* user will i,±z haw the'sysJem intends to 
jjr&UJJ fhinEL&j ?nd t>s usef tan cornsc! Ih-.Vin if hs Mhos. 
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Msst sianda-rd adilors are hard |q uss, since (he uier h.ra to mow around a ^cursor* 
with magic incantations- With a shsplay and a pointing device, Ihe user can poin* to the 
location he wanls 1o change, and Hi? change will occur as he watches, so he will know 
exactly what he hai done. 

Far young children especially it is important to display the execution at program, 
so they can see juit what (he different com.-naridi do. This wqnldl servo a* an effective: 
debugging aid, but it is important not to display so much information thai the user gets 
swamped, w SO lilt It? as <0 tniss cschibiling the informs' on ihe user needs. There is si ill a 
let of work Id be done on debuggi^c slds for higher tovel languages. 

□ecausc a system designed far young children will be one that works on minimizing 
the amount of work (he user must do to jj.it an effect, mjny ol the idi;*& for this system 
CW b-4 used for physically handicapped paOptei* Wilh some work On input devices for the 
physically handicapped, a Vary usabfe system could ba implemented, 

In addition to work on expanding and improving the environment, th&re rs ? whole 
area ol research invoCying workinj with children i*>ilh ths cyslenr, finding difficulties they 
encounler, and either inventing new ways lo pjrsent ths concepts they find difficult or 
deciding lhal triare i? some malu-ing the child redd'j in Order to gain cot tain concepts. 
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